Fuzziness describes event ambiguity by means of membership functions. Probability describes the uncertainty of an event's occurrence. The primary objective of this paper is to interconnect these two disciplines by suggesting several membership function in case of the scale parameter of a Rayleigh distribution. They are based on confidence intervals and on pivotal quantities which have a normal or a χ 2 -distribution. We have succeeded in designing fuzzy numbers with a sharpness which is related to the underlying sample size. We found that a small sample size has an appreciable adverse impact on the likelihood of the parameter. We were able to improve the estimation by using upper record values.
make predictions about events from a state of partial knowledge derived from a sample. The main contribution of our paper is to show how to generate a fuzzy number from a given confidence set and therefore infer about some parameter θ under the light of fuzzy set theory. The theory of statistical inference (confidence interval (CI) and testing of hypotheses) in fuzzy environments has been discussed and developed through different approaches in the literature. Filzmoser and Viertl [2] presented an approach for statistical testing on the basis of fuzzy values by introducing the fuzzy p value. Buckley [1] studied the problem of statistical inference in a fuzzy environment.
Statistical distributions

Rayleigh distribution
Suppose x and y are both Gaussian distributed (zero mean and variance b
2 ) with probability density function (pdf) f G as in (1) .
Consequently the radius or magnitude r = √ x 2 + y 2 of the complex signal x + y I will be Rayleigh distributed with parameter b, i.e. r : R(b). Here 2 b 2 expresses the power of the signal and r the envelope amplitude [5] . The pdf f R (r) described in (2) of the Rayleigh distribution is convenient for flat fading signals without lign of sight (NLOS). This distribution is a special case of the two parameter Weibull distribution with the shape parameter equal to 2.
The lowest order moments are
and Figure 1 shows a Rayleigh distributed magnitude r of a complex signal where the real and imaginary parts x and y are Gaussian distributed.
χ
2
-distribution
are Gaussian distributed (zero mean and variance 1) and mutually independent.
is χ 2 -distributed with k degrees of freedom and with f χ described in (5) as pdf (Milton et al., 2013) . 
3 Fuzzification
Fuzzy numbers
A fuzzy number [9] can be expressed asñ where the inaccuracy is expressed by the degree of truth using a membership function mñ which is at least piecewise continuous and has the functional value mñ(x) = 1 in at least one element.
The membership function reflects the extent to which x =ñ i.e. mñ(x) is an indicator of how likely this is. An example of a membership function is shown in Figure 2 supplemented by the α-cutñ [α] and support sñ defined in (8) and (9) respectively.ñ
Fuzzy parameter estimates
Buckley [1] introduced a technique to derive explicit membership functions for parameters of a distribution. Assume that θ is a unknown parameter to be estimated. Based on a sample one can obtain a set of
for 0 ≤ β ≤ 1 using a pivotal quantity [7] Q with a known distribution. The membership function of the fuzzy numberθ is constructed by stacking these confidence intervals for different β-values one above the other. In this manner the α-cuts ofθ are the confidence intervals for a confidence of 1 − α.
This is equivalent to F D (Q) = 1 − 
where Q u is the value of the pivotal quantity Q for θ = u. We will suggest 3 approaches based on different pivotal quantities. The following theorem bridges the gap between a sample for a Rayleigh distributed variable and a pivotal quantity with a χ 2 -distribution. 
with 2 n degrees of freedom. ♣
χ
is the critical value with a probability of p of lying on its left, related to a χ 2 -distribution with ν degrees of freedom, a (1−β) 100% confidence interval for b 2 can be written as
Based on theorem 1, we suggest the membership function m χ (u) for an estimation u of b which is equal to and can be found in Figure 3 for a sample from R(3). Here F χ,ν is the cdf of a χ 2 -distribution with ν degrees of freedom. Wilson and Hilferty [8] came up with the idea of transforming a χ 2 variable in order to construct a Gaussian approximation for it by accelerating its convergence to normality. Figure 3 shows clearly that the median is badly estimated in case of small n-values.
Gaussian asymptotic approach
As the median of a χ 2 -distribution is difficult to estimate, especially for small sample values, an improved approach is required. As theorem 1 states that n r 2 b 2 has a χ 2 -distribution with 2 n degrees of freedom, this variable can be approximated by a normal distribution with mean (2 n) and variance (4 n) [7] .
This method gives rise to an alternative membership function as in (14) with
2 is a consequence of (6) and theorem 1. The standardization of the Gaussian variable is explained in (14). Figure 4 shows that the sharpness of the fuzzy numberθ is improved when the underlying sample is larger.
Upper Record Values
As the popular maximum likelihood method suffers from bias in case of small sample sizes, Seo [6] 
Based on the spacing and with I the largest record time of a sample from a Rayleigh distribution with parameter b, a pivotal quantity (15) is obtained:
which enables us to construct membership function (16)
shown in Figure 5 
Conclusions
We have shown how fuzziness can benefit from probability knowledge. The degree of truth about the parameter value of the frequently used Rayleigh distribution for the envelope of a received signal, is expressed by its membership function. We explained how valuable functions can be developed, based on confidence intervals, samples and pivotal quantities. We noticed that the quality of the point estimator is superior in case of the Gaussian distribution. We showed that switching to upper record values, leads to results that are sharper and less biased in case of small sample sizes.
